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[57] ABSTRACT 

The sensor includes a range finder having means for 
emitting a directional output of pulsed energy toward a 
fixed area, and includes a transmitter section which 
divides pulsed energy into divergent beams, which are 
then received as reflective energy in a receiver section. 
The receiver alternately selects between outputs of two 
detectors receiving reflections from the beam and pro- 
vide inputs for purposes of determining time of flight, 
and for measuring the time interval between intercep- 
tions of the two divergent beams for a given object. The 
sensor also receives inputs indicating the time that each 
pulse is emitted and the selected outputs from the detec- 
tor to indicate when returning energy is received from 
the corresponding pulse to determine the elapsed time 
between the two. 

31 Claims, 8 Drawing Sheets 
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from the time of flight determining means and for pro- 
ACnVE NEAR-FIELD OBJECT SENSOR AND viding an output indicating whether the object meets 
METHOD EMPLOVmC OBJECT one of a plurality of classification criteria (e.g., is the 

CLASSIFICATION TECHNIQUES object an automobile, truck or motorcycle). The sensor 

5 also includes means for determining a timing error 
The present invention relates generally to object caused by amplitude variations in the returning re- 
scnsors and related methods, and in particular relates to fleeted energy and providing a range correction respon- 
clcctronic object sensors and methods useful in detect- sive to that timing error determination, 
ing objects at a close range. To achieve these and other objectives, the receiving 

^^^^^ ,^r,r^^,-T<T^^T 10 means includes two detectors, with means for alter- 

BACKGROUND OF THE INVENTION ^^^^^^ ^^^^^ outputs of the two detec- 

Therc is a continuing demand for accurate, low-cost tors for providing inputs to the time of flight dctermin- 
scnsors useful in a wide variety of applications, includ- ing means; means are also provided for measuring the 
ing equipment used in the home, as well as for security, time interval between interceptions of the two diverg- 
military and transportation applications. For example, 15 ing outputs by a given object, so as to calculate the 
in the transportation field, the most prevalent sensor speed of the object passing through the area, 
used for controlling traffic signals is a simple inductive Another feature of the present invention is the utiliza- 
loop which is buried beneath the pavement. While in- tion of means for receiving inputs from the range finder 
ductive loop sensors have proven to be effective in indicating the time when each pulse of the output is 
traffic control applications, they must be replaced not 20 emitted and for receiving inputs from a selected one of 
only when the loop malfunctions but also when the the detectors for indicating when returning energy is 
roadway is being resurfaced or an excavation takes received from the corresponding pulse. An output is 
place. Under these circumstances, the cost of loop re- then generated representative of the elapsed times be- 
placement is of a lesser concern than the resulting dis- tween the two inputs, and that output is utilized to 
ruption in traffic. 25 determine whether an object is present between the 

There have been suggestions for traffic signal con- sensor and the area being observed. In one particular 
trollers utilizing overhead sensors. See for example, the arrangement, the elapsed time output generating means 
following U.S. patents: No. 3,167,739 to Girard et al; comprises a capacitor; a constant current source for 
No. 3,436,540 to Lamorlett; No. 3,516,056 to Matthews; charging the capacitor prior to receipt of an input from 
No. 3,532,886 to Kruger et al; No. 3,680,047 to Periman; 30 the emitting means; means for initiating discharge of the 
and No. 4,317,117 to Chasek. capacitor responsive to receipt of the emitting means 

Near-field sensors have also been utilized as intruder input; and means for thereafter interrupting discharge 
alarms and as automatic door operators. Examples of to the capacitor upon receipt of an input from the detec- 
such arrangements are disclosed in the following U.S. tor. The elapsed time is then determined as a function of 
patents: No. 3,605,082 to Matthews; No. 3,644,917 to 35 the remaining charge stored in the capacitor. 
Periman; No. 3,719,938 to Periman; No. 3,852,592 to The sensor of the present invention is designed for 
Scoville et al; No. 3,972,021 to Leitz et al; and No. use with a compact enclosure having an optically trans- 
4,433,328 to Saphir et al. missive window, with means provided to heat the win- 

cTTx>fiLf ADv riTT TTOvrcxTTinv ^° prevcut fogging or ice formation. The sensor 

SUMMARY OF INVENTION ^ employs an electro-optic assembly including a transmit- 

The principal goals of this invention are to provide ter section, a receiver section, a signal processing sec- 
active near-field object sensors which are relatively low tion and a power supply which together provide the 
in cost, are accurate and have utility in a wide variety of various electronic and optical functions of the system, 
applications. A brief summary of some of the important DRAWINGS 
features of the invention is set out next. The ensuing 45 

description, claims and the accompanying drawings FIG. 1 is a perspective view illustrating a preferred 
also disclose other important features as well. embodiment of an enclosure useful with the sensor of 

The present invention contemplates a sensor for de- the present invention, 
tecting the presence of an object within an area located FIG. 2 is a front elevation of the enclosure shown in 
in a close range to the sensor, and includes a range 50 FIG. 1. 

finder having means for emitting a directional output of FIG. 3 is a block diagram illustrating the electronic 
pulsed energy toward the fixed area. In a preferred and optics portions of the hardware used with the sen- 
arrangement, the emitting means comprises a laser sor of the present invention. 

diode capable of emitting pulses of coherent infrared FIGS. 4, 5 and 6 are interrelated flow charts illustrat- 
radiation, which are used together with coUimating 55 ing a preferred embodiment of the software useful with 
optics to provide two diverging output beams directed the present invention. 

toward the near-field area imder observation. FIGS. 7 and 8 are perspective views illustrating the 

The sensor also includes means for receiving a por- operation of the sensor of the present invention, 
tion of the energy reflected from either the area, or an FIG. 9A is a side view illustrating an automobile of 
object located within the area. The returned pulse en- 60 the type which may be sensed by the present invention, 
crgy is then provided as an input to a receiver for deter- and FIGS. 9B and 9C are graphic representations of 
mining a time of flight change for pulses between the outputs actually provided by the sensor of the present 
emitting and receiving means, which may be caused by invention relative to an automobile like that shown in 
the presence of an object within the area. The sensor is FIG. 9 A. 

also provided with various features useful in providing 65 FIG. IDA is a side view illustrating a truck of the type 
outputs which indicate either the speed, census, size or which may be sensed by the present invention, and 
shape of one or more objects in the area. For example, FIGS. lOB and IOC are graphic representations of out- 
the sensor is provided with means for receiving an input puts actually provided by the sensor of the present 
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invention relative to a truck like that shown in FIG. the laser diode 306 with the emission into the lens 308. 
lOA. The output passing through the optical fiber 314 pro- 

FIG. 11 is a schematic diagram of the time-to-ampli- vides a significant aspect of the present invention, as is 
tude circuit used in the present invention. discussed in greater detail below with reference to the 

DETAILED DESCRIPTION ^ range/processor section 34. 

A detailed description of the components of the sys- b) Receiver Section 

tern and method of the present invention together with -j^^ receiver section 32 includes lens 322 for receiv- 
its operation is set out next with reference to the draw- refiected returning energy from the two pulsed 

ings, where like reference numerals among the draw- lo ^^^^^ ^^^ms 22. 24 emitted by the transmitter section 
ings refer to a common element. 3^ ^^^^^ ^^^^^^ through the lens 322 is passed 

A. Hardware Description through an optical filter 324, and the single input from 

, P . the lens 322-filter 324 is fed into two photodetectors 

1. tncjosure ^^^^^ provides an input to a respective 

A sensor in accordance with the present invention is an,piif,er 327, 329 both of which provide an input to an 
referred to generally by the reference numeral 10 in analog multiplexer 332. It will thus be understood that 
FIG. 1, and employs a compact enclosure 12 of light- the optical energy received in the lens 322 is first con- 
weight material, such as aluminum. The enclosure 12 verted into an equivalent electronic analog of the input 
has a cover 14 secured by fastener 16. Across one side of radiation and second into a logic-level signal. The out- 
the enclosure 12 is a transmissive window 20. which is zo ^^^^ photodetectors 326. 328 are time-multi- 
shielded from ambient weather by a hood 18. ^^^^^^ high-speed analog multiplexer 332. which 
2. Electronics and Optics is controlled by a logic-level control line 333 from the 
. . - r 1 * 1 ui microprocessor 352 contained within the range/proces- 

A prefored fom. of the electroK>pt.cal^sembly ^ ^ multiplexer 332 is 

fitted wnhm the enclosure Uis depicted ma «:hema^c 25 ^ threshold detector 336 and an amplifier 

block diagram format m FIG. 3 and referred to there r i_* t. -j • *^ ♦u^ « 

generally by the reference numeral 28. The electrical- ^34, both of which provide mputs to the range/proces- 
optical assembly includes a transmitter section 30, a ^JJ; ^ descnbed below 

receiver section 32. a range/processor section 34 and a Preferably, the two photodetectors 326, 328 are sili- 
power supply 36, each of which is discussed below. 30 con photodiodes which operate as current sources, with 

the associated amplifiers 327. 329 converting the cur- 
a. Transmitter Section rent pulses of the photo detectors 326, 328 mto voltage 

The transmitter section 30 includes an astable multivi- pulses. Each amplifier 327, 329 ofTers a transimpedance 
brator 303 generating a laser trigger pulse at a nominal of 28 kilohms when operated in a differential mode, 
repetition frequency of 3 kiloherU to a laser driver 304 35 The optical filter 324 preferably has a narrowband 
which, by way of example, produces a 20 ampere peak (on the order of 40 nanometers) width, which limits the 
current pulse with a 4 nanosecond rise time, and a ten solar irradiance and permits only the 904 nanometer 
nanosecond pulse width. The output of the laser driver radiation to reach the photodetectors 326, 328. Typi- 
controls a laser diode 306, which preferably comprises cally, the transmission of the narrow-band filter 324 is 
an indium gallium arsenide injection laser diode array 40 qh the order of about 75 percent at 904 nanometers, 
having an output on the order of 180 watts, at the 20 Although not shown, it is preferred that the analog 
ampere pulse current defined by the driver 304. This portion of the receiver section 32 be contained within a 
diode emits an output at 905 nanometers, which has faraday shield which permits the circuit to operate in a 
been found to be an ideal wavelength for the silicon "field-free'* region where the gain is achieved without 
photodiode receiver, discussed below. It is also pre- 45 additional noise reduction, 
ferred that the array of the laser diode 306 have a junc- 
tion characterized by dimensions of about 3.96 millime- c) Range/Processor Section 
ters by 0.002 mUlimeters, in order to emit radiation in a range/processor section 34 includes a detector 
10 degree by 40 degree sohd angle. . „ , ^ 342 opticaUy coupled with the fiber 314, an ampUfier 

Theoutputofthelaser diode array 306 IS c^^^ ^0 3^ ^ threshold detector 344. the output of which 

a fast (F/1.6) multi-element optical lens 308 which has ^ ...tart" input to a range gate 346. The 

an effective focal length of 24 miUmieters and which is ^ ^ ^^^^^ ^ 

used to colUmate the diode laser emis^^^^^^^ output from the threshold detector 336 contained 

colhmated beam passes through a dual-wedge pnsm „ .^f. c*..^*;^^ 17 

310. By way of example, the resulting beam has a diver- 55 ^^f^/",*^.^ ^^5!^*=" ^ ° .1 k .t, vu a - ^ 
gence of e II =3.96/24= 165 mrad parallel to the diode , ^^^V'.^^^^ ^ appreciated by those skilled m the art 
junction and 91=0.002/24=0.083 mrad perpendicular that both digital and analog techmqu«i may be used for 
to the diode junction. The two outputs of the dual- °>alang the tmie mterval measurement m order to accu- 
wedge prism 310 are referred to by reference numerals ^fely measure the propagation time of the laser piJ^ 
22 and 24. Both outputs are passed through the heated 60 the target and back to the receiver, the analog techmque 
transmissive window 20. ^en chosen in the present invention because of its 

In order to generate the high voltage necessary to better resolution, smaller size, sunpler circuitry, lower 
pulse the laser diode 306. a 200 volt DC-DC converter power consumption and lower costs when compared 
312 is provided in the transmitter section 30 and prefera- with the digital technique. The analog range measure- 
bly is contained within an aluminum enclosure (not 65 ment technique specifically used in the present inven- 
shown) to reduce electrical interference. tion is known as a "time-to-amplitude converter" and 

The transmitter section 30 further includes an optical has an accuracy of about one percent of measured range 
fiber 314 coupled to receive a simultaneous output from and a resolution of about plus or minus 5 centimeters. 
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The specific forms of the range gate 346 and the g g^^^^^^ Description 
time-to-amphtude (TAC) converter circuit 34» are 

shown in HG. and use a constant-current source in- A preferred embodiment of the software useful in 

eluding transistor Ql to charge a ramp capacitor C38 to connection with the sensor system and method of the 

obtain a linear voltage ramp whose instantaneous value ' Present invention is illustrated in flow chart form in 

is a measure of elapsed time. The TAC circuit is de- FIGS. ^. with the portions of the softw^e depicted m 

signed so that the voltage across the capacitor C38 °^ *ose figure being artitrardy d^ig^ted by 

wT • . , r „ JT,.,., .„««tx, reference numerals 40, 42 and 44 respectively. It will of 

begins ramping down from the P^^^'^l^^^'^^^ course be understood that the softw^e is loaded in an 

when the laser diode 306 fires. The ramp is stopped ^^^^^ microprocessor 352, and is 

reflected pulse is received at the detectors ^^^^^^j electricalK>ptical assembly 28 of 

326. 328 or at the end of a measured period of time. The * ^^^^ ,^ ^ ^^^^^ ^^^^^ p^^„^ of objects 

output 349 of the TAC converter 348 is then converted ^ ^ ^^^^^^ desirable outputs representative 

to a digital format by an 8 bit analog-to^iigital con- o^jg^t, including for example, the speed with 

verter inside the microprocessor 352 (FIG. 3). The start 15 ^Ydch the object moves through the area being sensed, 

timing pulse for the TAC converter 348 is produced ji^c and shape of the object, its classification and 

utilizing the optical detection of the transmitted laser perhaps other characteristics. In one specific form, the 

pulse through the fiber 314. which provides an input to sensor 10 has utility as a vehicle sensor for mounting in 

the detector 342 and thence to the amplifier 343. an overhead configuration in order to detect the pres- 

As shown on the left hand side of the range/proccs- 20 ence of vehicles passing through an area— such as a 

sor section 34 in FIG. 3, the output of the amplifier 334 portion of a roadway at an intersection— to identify the 

from the receiver section 32 is provided as an input to a presence of a vehicle, classify the vehicle as either an 

peak detector 350 which in turn provides an input to the automobile, truck or motorcycle, count the number of 

microprocessor 352. This feature is directed to a major vehicles passing through the intersection and calculate 

problem previously encountered when measuring 25 the speed of each vehicle and the flow rate of all of the 

range-to-vehicles in the low level of return signals from vehicles. The software depicted m FIGS. 4-6 has been 

windshield and poorly reflecting black metal or plastic sp^ifically configured for those purposes, 

vehicle parts. TWslow level of return signals frequently ^^"^ ^IG. 4 the software mitializes the 

,^ .'^ 1.., 1^ f^«,l microprocessor at 401, is subjected to diagnostics at 402 

results m range readings which are close to tho e from P ^ the electrical-optical L^mbly 28 to 

the street level, and would therefore erroneously mdi- ^.^^ ^^^^ ^3 ^^^^^^^ ^^^^ 

cate that a vehicle was not present This range measure- ^^^^j^^^ ^^^^^^ ^^^^ ^^^^ 

ment error, which is proportional to the magnitude of return-signal intensity is read; the range and inten- 

the vanation in return-signal level, is known as "timmg ^j^y reading is then toggled between the two beams 22. 
walk". This problem is solved by the accurate measure- 35 24 as controlled by section 433 in FIG. 5 (note input to 

ment of the peak of the return signal with the high- ^jje right of block of 405 in FIG. 4). 

speed peak detector circuit 350, and the use of the mi- Following the reading of the range and intensity from 

croprocessor 352 to apply a correction factor to the each of the two beams 22, 24, any necessary offset is 

range measurement based on the return signal level. added to the range based on the intensity to correct 
Thus, a very low level of the signal is in itself an indica- 40 timing walk as depicted at step 406. The change in the 

tion of the presence of an object (such as a vehicle) range (i.e., the road distance minus the distance to any 

being detected. The sensor will then indicate the pres- object detected) is calculated in step 407. If the resulting 

cnce of the object when either the range reading is calculation is greater than the vehicle threshold as de- 

shorter than that to the street, or alternatively when the termined by step 408, then a vehicle pulse counter is 
rctum-signal level is much less than that from the street. 45 tested at 409 to determine if there have been 16 consecu- 

In one specific arrangement, the microprocessor 352 tive pulses above the vehicle threshold; if the calcula- 

comprises an Intel 87C196KC into which the software tion at step 407 is less than the vehicle threshold, then 

described below is loaded. As noted in range/processor another sequence of steps is miUated at 421 (FIG. 5) to 

section 34 in FIG. 3. the microprocessor 352 provides 'f^} ^he vehicle pulse counter at 432 ^d thereby tog- 
various outputs to light emitting diode indicators 353. a ^0 |le l>etween the beams 22. 24 at step 433. As shown m 

I • «« FIG. 5, vanous resets and adjustments are made at Steps 

presence relay 356 for mdicatmg the P^^ence of an ^ ^ including the calculation of the diV 

object, an RS 232 computer mterface 357 and to a ^^^^ ^^^^^ ^25 and the calcu- 

heater relay 366 contained withm the jK^wer supply 36. ^^^^^ 

descnbed below. The microprocessor 352 receives ad- ^„juni/n,aximum range to the road at 427. 

ditional inputs from a temperature sensor 351 and a real Referring again to FIG. 4. if the output of step 409 

time clock 354. The range/processor section 334 prefer- indicates that the number of consecutive pulses above 

ably also includes a battery backup circuit 358. ^1,^ ^chicle threshold is greater than 16. then the road 

d) Power Supply Section P^^^e counter is reset at step 410. However, if the evalu- 

60 auon at step 409 is negative, then the vehicle pulse 

The power supply section 36 includes an EMI/surge counter is incremented at step 448. and the road pulse 

protection circuit 362 for a power supply 364 operated counter is reset if it has previously incremented less than 

by 110 volt line current. The power supply circuit in- 16 times as indicated by steps 449 and 450; following 

eludes a heater relay 366 controlled by the microproces- this, the toggling between beams 22. 24 occurs at step 
sor 352, as discussed above, and receiving 1 10 volts line 65 433. 

power. The heater relay is coupled to the window 20. to Referring again to FIG. 4. if the road pulse counter is 

mainuin the temperature of the window 20 constant for reset at step 410. then an inquiry is made as to whether 

varying ambient conditions. the vehicle has already been detected; if the answer is 
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affirmative, then an inquiry is made at step 441 to deter- tance between the beams and dividing it by the time the 
mine if the change in range determined at step 407 is vehicle takes to travel that distance, 
greater than the truck threshold, as depicted at FIG. 6, The sensor 10 can also be utilized to ascertain the 
in order to complete a truck-detection sequence at steps existence of poor highway visibility conditions, which 
442-446, inclusive. On the other hand, if the inquiry at 5 is useful in providing a warning to drivers to slow down 
step 411 (FIG. 4) is negative, then the vehicle presence because of dangerous visibility conditions. The ampli- 
relay is set at step 412, a vehicle pulse counter is incre- tude of the return signal received by the vehicle sensor 
mented at 413 and a velocity timer is started at step 415 is proportional to the atmospheric transmittance (visi- 
for purposes of determining the speed of the vehicle bility). Analysis has shown that the sensor can detect 
passing through the area being sensed. 10 vehicles until heavy fog or rainfall reduces the visibility 

^ ^ c e ♦ range to 18 m. Corresponding to the change in visibility 

Operation of the Sensor System ^ ^^^^ conditions, the rLaved signal 

A description of the operation of the sensor system 10 power decreased by a factor of 22. Thus, a measurement 
and its associated electrical-optical assembly 28 in a Qf return-signal amplitude can be used to ascertain 
vehicle-detection configuration will now be described 15 tjjc existence of poor highway visibility conditions. If 
with reference to FIGS. 7 and 8. the microprocessor 352 senses a return-signal level from 

In FIG. 7. the sensor 10 is depicted as elevated to a ^he roadway below a certain preselected threshold, then 
height H above a roadway 26, and is displaced at an the software can initiate an output through the interface 
angle 9 so as to be pointed toward an area on the road- 357 an appropriate visibility warning signal, 
way 26 defined by the beam separation W and the beam 20 

length L, and which is located a range distance R be- C. System Performance 

tween the sensor 10 and the area. In accordance with ^csts conducted during May-August, 1992, a sys- 

the discussion above with respect to the electncal-opti- according to the present invention was utUized as 

cal assembly 28, the sensor 10 transmits two separate ^ overhead vehicle sensor on a roadway in Orange 
beams 22, 24 which fall upon the area defined by the 25 bounty, Ha. The sensor achieved a detection percent- 
length L and the width W. As shown m FIG. 8, if a ^j. ^g^^^^ measured speed with an accuracy 
vehicle 27 is positioned across the roadway 26 at the , ^^^^ of conventional radar guns 
area defined by the length L and the beam separation ^ ^^^^ enforcement purposes. The system also 
W, a portion of the radiated energy m beam 22 (for .^^^ ^^^^^^ and intensity profiles, two ex- 
example) will be scattered away from the vehicle 27 30 ^^^^ J pj^g ^^.^ and 
while a portion is refiected back toward the sensor 10 ^ ^^^^^^ ^ .^^ ^ 
for detection by receiver section 32. as d^cnb^^^^ measurements for which are 
From the flow diagrams f ^^^.^^"^^^ depicted at FIG. 9B, Ah the intensity measurements 
will thus be understood that the microprocessor 352 r . • * ^ ♦ ttiA ar> c «;i«,i„ *uL ^.^^^«r^«^;«« 
using the software and the various inputs from the elec- 35 ^emg depicted at FIG. 9C Smularly. the correspondmg 
tricJ-optical assembly first measur J the range to the ^esuhs of the range and mtensity /^^^^^^ 
road; if the range falls below a predetermined threshold, tnick shown at FIG. lOA are depicted at FIGS ^^^^^ 
the ikicroprocLor signals that a vehicle is present by and C. respectively. It was observed that Uie veh^^^^^^^ 
closing the presence relay 356. The threshold is deter- were accurately filed, even m the area of the wmd- 
mined by calculating the minimum, maximum and aver- 40 fh^elds where the mtensity of the remm signa^ was quite 
age range to the road for 100 discrete measurements. low, demonstrating the efficacy of the mtensity-depend- 
The maximum error is then calculated by subtractmg ent range correction m mitigating the effect of timing 
the average from the maximum range measurement and walk on range measurements at low retum-pulse ampli- 
the minimum from the average range measurement. The , , , ^ • • r.i. r j 
threshold is then set to the maximum error. The micro- 45 T^i's concludes the descnption of the preferred ein- 
processor 352 utilizing the software classifies the vehi- bodiments. A readmg by those sidled m the art will 
cle detected (as, for example, an automobile, a truck or bring to mind vanous changes without departing from 
a motorcycle) by examining the amount of range the spirit and scope of the mvention. It is mtended, 
change, it being understood that a truck produces a however, that the invenUon only be hmited by the fol- 
much larger range change than an automobile, and a 50 lovi^mg appended claims, 
motorcycle a much smaller range change. The software What is claimed is: 

keeps an accurate count of vehicles by classification for 1. A sensor means for detectmg the presence of an 
a predetermined period (for example, 24 hours) and in object within an area located at a close range, the sensor 
one example maintains a count of vehicle types for each comprising: 

hour of the day in order to provide a user flow rate. 55 means for emitting an output of pulsed, coherent 
The microprocessor 352 and the associated software radiation toward a fixed area a known distance 

also calculates the vehicle speed in the manner de- from the emitting means; 

scribed above, by calculating the time each vehicle means for receiving a portion of the returning pulsed 
takes to pass between the two beams 22, 24, Specifi- energy reflected from the area; 

cally, the microprocessor 352 utilizes a microsecond 60 means for determining a time of flight change for 
time increment, and is reset to zero when the first beam pulses between the emitting and receiving means 

22 detects the presence of a vehicle, and is read when caused by the presence of an object in the area; 

the vehicle is detected by the second beam. The soft- means for receiving an input from the time of flight 
ware then automatically calculates the distance be- determining means and for providing an output 

tween the two beams 22, 24 by applying the law of 65 indicating whether the object meets one of a plural- 
cosines to the triangle formed by the two beams and the ity of classification criteria; and 
distance between them at the level of the roadway 26 in means for determining a timing error caused by am- 
FIG. 7. The speed is then calculated by taking the dis- plitude variations in the returning reflected energy 
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correction responsive 



and providing 
thereto. 

2. A sensor means for detecting the presence of an 
object within an area located at a close range, the sensor 
comprising: 

means for emitting an output of pulsed, coherent 
radiation toward a fixed area a known distance 
from the emitting means; 

means for receiving a portion of the returning pulsed 
energy reflected from the area; 

means for determining a time of flight change for 
pulses between the emitting and receiving means 
caused by the presence of an object in the area; 

means for receiving an input from the time of flight 



10 



9. The sensor recited in claim 4 further comprising 
means for dividing the pulses of the emitting means into 
two diverging directional beams. 

10. The sensor recited in claim 9 wherein the receiv- 
ing means comprises two detectors, the sensor further 
comprising means for alternately selecting between 
outputs of the two detectors for providing inputs to the 
time-of-flight determining means. 

11. The sensor recited in claim 9 further comprising 
means for measuring the time interval between intersec- 
tions of the two diverging beams by a given vehicle, and 
calculating the speed of the vehicle. 

12. The sensor recited in claim 4 further comprising 
means for providing an indication of the presence of a 



determining means and for providing an output vehicle either as an output from the time-of-ftight deter 



20 



25 



indicating whether the object meets one of a plural 
ity of classification criteria; and 
means for dividing the pulsed energy output of the 
emitting means into two diverging directional 
beams. 

3. A sensor means for detecting the presence of an 
object within an area located at a close range, the sensor 
comprising: 

means for emitting an output of pulsed, coherent 
radiation toward a fixed area a known distance 
from the emitting means; 
means for receiving a portion of the returning pulsed 

energy reflected from the area; 
means for determining a time of flight change for 
pulses between the emitting and receiving means 
caused by the presence of an object in the area; 
means for receiving an input from the time of flight 
determining means and for providing an output 
indicating whether the object meets one of a plural- 
ity of classification criteria; and 
means for alternately selecting between outputs of 
the two detectors for providing an input to the time 
of flight determining means. 



35 



mining means or as an output from the peak return 
signal level detector. 

13. A sensor, comprising: 

means for emitting a pulse of coherent infrared radia- 
tion; 

means for dividing the pulse into two diverging direc- 
tional beams and directing the two beams toward 
an area which is a distance from the sensor; 

two detectors, each receiving returning energy from 
reflections of the two beams; 

means for receiving a signal from the emitting means 
indicating that a pulse has been emitted and for 
receiving an input from a selected one of the detec- 
tors for indicating when returning energy is re- 
ceived from the corresponding beams, and for then 
generating an output representative of the elapsed 
time between the signal and the input; and 

means for receiving and determming from the elapsed 
time output whether an object is present between 
the sensor and the area. 

14. The sensor recited in claim 13 wherein the emit- 
ting means comprises a laser junction diode. 

15. The sensor recited in claim 13 wherein the divid- 



4. A sensor for detecting the presence of a vehicle ^ ing means comprises a prism for receiving the pulse 



within close range and suitable for controlling traffic 
signals or measuring traffic speed, census or flow, the 
sensor comprising: 
means for emitting a directional output of pulsed 
energy toward a fixed area a known distance from 45 
the emitting means; 
means for receiving a portion of returning pulsed 

energy reflected from the area; 
means for determining a time-of-flight change for 
pulses between the emitting and receiving means 50 
caused by the presence of a vehicle in the area; and 
means including a peak return signal level detector 
for determining a timing error caused by amplitude 
variations in the returning reflected energy and 
providing a range correction responsive thereto. 

5. The sensor recited in claim 4 wherein the timing 
error determining means comprises means for forming a 
logic-level output representative of the time-of-flight of 
each pulse. 

6. The sensor recited in claim 4 wherein the emitting 
means comprises means for emitting pulses of coherent 
infrared radiation. 

7. The sensor recited in claim 6 wherein the means for 
emitting pulses of coherent infrared radiation comprises 
a laser diode. 

8. The sensor recited in claim 7 wherein the laser 
diode comprises a junction diode, further comprising 
means for coUimating the output of the laser diode. 



55 



60 



65 



from the emitting means and dividing the pulse into the 
two diverging beams at a predetermined angle. 

16. The sensor recited in claim 15 further comprising 
lens means for focusing the returning energy within the 
predetermined angle into the two detectors. 

17. The sensor recited in claim 16 further comprising- 
an optical filter for restricting ambient light from the 
detectors. 

18. The sensor recited in claim 16 further comprising 
a collimating lens between the emitting means and the 
prism. 

19. The sensor recited in claim 13 wherein the elapsed 
time output generating means comprises: 

a capacitor; 

a constant current source for charging the capacitor 
prior to receipt of the emitting means signal; 

means for initiating discharge of the capacitor respon- 
sive to receipt of the emitting means signal and for 
interrupting discharge of the capacitor upon re- 
ceipt of the detector input; and 

means for determining the elapsed time as a function 
of the remaining charge stored in the capacitor. 

20. The sensor recited in claim 13 further comprising: 
an optical fiber coupled to receive a portion of the 

pidse of coherent radiation; and 
a photodiode coupled between the optical fiber and 
to the means for receiving the emitting means in- 
put. 
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21. The sensor recited in claim 20 further compnsmg 
a threshold detector interposed between the photo 
diode and the emitting means input for initiating the 
emitting means input only when an output of the photo- 
diode is above a predetermined level. 

22. The sensor recited in claim 13 further comprising 
means for measuring a signal level for reflections of the 
beams received in the detectors, and providing an indi- 
cation of the presence of a vehicle when the signal level 
is below a predetermined threshold. 

23. The system recited in claim 2 wherein the signal 
level measuring means is a peak detector. 

24. A sensor for providing outputs useful in detecting 
objects and for measuring object size, census or speed, 
the sensor comprising: 

a compact enclosure having an optically transmissive 
window; 

a transmitter section, a receiver section, a signal pro- 
cessing section and a power supply; 
the transmitter section having: 
a laser diode for emitting coherent infrared radia- 
tion through the windows, 
means for alternately energizing the diode for a 
predetermined time and at a predetermined rate 
so that the diode emits pulses of coherent radia- 
tion having a known pulse width and repetition 
rate, and 

a prism between the diode and the window for 
dividing the pulsed output of the laser diode into 
two diverging directional beams at a predeter- 
mined angle through the window; 
the receiver section having: 

two photo detectors for receiving returning pulsed 
energy from one of the two transmitter beams 
and providing inputs representative of the time 35 
when the relumed energy for each beam is re- 
ceived and a signal level for the returned energy 
of each beam, 

an optical filter between the window and the photo 
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signal level input from the receiver section 
below a predetermined threshold. 

25. The sensor recited in claim 24 wherein the enclo- 
sure is a non-ferrous material. 

26. The sensor recited in claim 24 wherein the power 
supply comprises means for heating the window. 

27. The sensor recited in claim 24 wherein the pro- 
cessing section further comprises: 

a capacitor; 

a constant current source for charging the capacitor 

prior to receipt of the transmitter input; 
means for initiating discharge of the capacitor respon- 
sive to receipt of the transmitter section input and 
for interrupting discharge of the capacitor upon 
receipt of the returned energy time input from the 
receiver section; and 
means for determining the elapsed time as a function 
of the remaining charge stored in the capacitor. 

28. A method for providing outputs representative of 
the presence of a vehicle within a close range and suit- 
able for controlling traffic signals or measuring traffic 
speed, flow or census, the method comprising the steps 
of: 

emitting a directional output of pulsed energy toward 

a fixed area which is a known distance away; 
receiving a portion of returning pulsed energy re- 
flected from the area; 
determining time-of-fli^t changes between the emit- 
ting and receiving steps caused by the presence of 
a vehicle located in the area; and 
detecting a peak return signal level and a timing error 
caused by amplitude variations in the returning 
pulsed energy. 

29. The method recited in claim 28 further compris- 
ing the step of dividing the pulsed energy output into 
two diverging directional outputs. 

30. The method recited in claim 29 further compris- 
ing the step of indicating the presence of a vehicle either 
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15 



20 



25 



30 



detectors for restricting ambient light from the 40 as an output from the time-of-flight determining step or 



detectors, and a focusing lens between the win 
dow and the photo detectors for focusing inci- 
dent returning pulsed energy for the beams 
within the predetermined angle into the two 
photo detectors; and 
the signal processing section having: 
means for receiving an input from the transmitter 
section indicating the time that each pulse is 
emitted, 

means for receiving the inputs from the receiver 50 
section representative of the time when returned 
energy for each beam is received and the signal 
level for the returned energy of each beam, and 

means for generating an output representative of 
the elapsed time between the transmitter section 55 
input and the returned energy time input from 
the receiver section, and means for providing an 
output indicating the presence of an object de- 
pendent upon either an elapsed time determina- 
tion indicating the presence of an object, or a 60 



as an output from the peak return signal level detecting 
step. ^ 

31. The sensor recited in claims 1, 2, 3, 4, 13, or 24 
further comprising means for initiating a visibility wam- 
45 ing output if the returning pulse energy is below a pre- 
determined threshold 
emitting a directional output of pulsed energy from 
the emitting means toward a fixed area a known 
distance from the emitting means; 
receiving a portion of the returning pulsed energy 
reflected from one of the area or an atmospheric 
condition between the area and the emitting means; 
determining a time-of-flight change for pulses be- 
tween the emitting and receiving means caused by 
the presence of an atmospheric condition between 
the area and the emitting means; and 
determining a timing error caused by amplitude vari- 
ations in the returning reflected energy and provid- 
ing a range correction responsive thereto. 



65 
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Claim 31 column 12: 

31. The sensor recited in claims 1. 2. 3 4 13 nr- 9a 

threshold/ ^^^^^^^^S pulse energy is below a predetermined 

^Iri^^^^ ^ directional output of pulsed energy 
from the emitting means toward a fixed area a 
known distance from the emitting means; 

receiving a portion of the returning pulsed 
energy reflected from one of the area or an 
atmospheric condition between the area and the 
emitting means; 

determining a t ime-of-f light change for pulses 
between the emitting and receiving means caused 
by the presence of an atmospheric condition 
between the area and the emitting means; and 
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